IN an accompanying paper the induction of sarcomata at the site of repeated subcutaneous injection into rats of cadmium sulphate, or of cadmium-precipitated rat-ferritin, is described, and the failure to induce such tumours in mice by similar treatment reported (Haddow et al., 1964) . In the present paper the occurrence of testicular lesions and of pituitary changes in cadmium-treated rats and mice is described and discussed.
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For some time it has been known that cadmium is highly toxic to the testes of a number of animals. Parizek and Zahor (1956) reported complete necrosis of the testes of rats given one subcutaneous injection of cadmium chloride in a dose as small as 0.02 millimole per kilogram of body weight. They obtained similar results in mice, rabbits, guinea pigs and golden hamsters. This work has since been confirmed by a number of other workers, including Meek (1959) , using mice. Kar and Das (1960) studied the sequence of events after a cadmium chloride injection in rats and noticed intense va'scular congestion of the testis within six hours. After two days the seminiferous epithehum was completely destroyed and transformed into a mass of debris. The changes in the interstitium, which they described as being of " similar magnitude ", resulted within two to seven days in total loss of anatomical structure and functional activity. The present authors obtained similar results in male rats using a single subcutaneous injection of cadmium, sulphate (Cd S04-4H20) in doses varying from 0.5 to 2-0 mg. per 100 g. body weight (equivalent to 0.2 to 0-8 mg. per 100 g. cadmium).
A number of reports have commented upon the return of androgenic activity to testes rendered necrotic by cadmium and have described proliferation beneath the tunica albuginea of fibroblast-like cells which later show the typical structure of Leydig ceRs.
The (Cowdry, 1963) .
MATERIALS AND METHODS
The experimental methods are described fully in the accompanying paper (Haddow et al., 1964) and will not be repeated here. The essential details are shown in Table 1 , where the results are also summarised. The experiment in which 10 male raice were treated with rat-ferritin (Experiment 11 of the accompanying paper) is omitted in the present paper because of the short average survival time of the animals.
In the present experiments the animals were kiRed when there was obvious tumour development at the injection site. As these tumouxs did not develop before the 8th month, the early changes in the testis were not observed.
RESULTS

Testicular lesions in rats
Clinically the testes diminished considerably in size during the earlier part of the experiment, though some of them subsequently enlarged again because of the development of tumours. The largest gonad was situated in the abdomen and contained a cystic tumour measuxing 2-5 x 2.3 cm. (Fig. 1) The testes usuany cut with difficulty because of the presence of focal calcification, and bisection often revealed a number of pale yellow nodules which, when small, were usually situated beneath the capsule (Fig. 2) .
NEcroscopically the commonest appearance was of sclerotic atrophy with calcification of many of the seminiferous tubules and disappearance of the lining cells (Fig. 3) . However, some tubules were lined by Sertoli cells and in a few testes occasional tubules still contained germinal epithehum.
The regeneration of Leydig cells cornmenced on the inner surface of the tunica albuginea and around sclerotic tubules, and the cells were at first of the fibroblastic type. They tended to increase in number in a nodular fashion rather than diffusely. As is so often the case with other endocrine organs, no sharp distinction could be made between hyperplasia and early neoplasia of the interstitial cells, and we have adopted the foHowing criteria.
In hyperplasia the nodules occupied their usual position in the interstitial tissues between seminiferous tubules. The hyperplastic cells were fairly uniform, in appearance and mitoses were rarely, if ever, seen (Fig. 3) . Leydig cell tumours, by contrast, displaced and destroyed seminiferous tubules (Fig. 4) and were composed of ceHs of variable appearance (Fig. 5) . The smaHer tumours consisted of rather compact cells with granular eosinophilic cytoplasm. Many were polygonal in shape but others, especially at the periphery of nodules, were spindleshaped. Their nuclei were round or oval and vesicular with prominent nuclearmembranes and small nucleoli. The larger tumours also contained polygonal cells, but they were much bigger than the compact ceUs and showed cytoplasnlic vacuolation (Fig. 6) . A moderate degree of pleomorphism was noticed and mitotic figures were detected in the majorikv of tumours (Fig. 7) .
Another characteristic featuxe of the tumours was the presence within the cell masses of a rich capiUary network, with neoplastic cells closely applied tG (Fig. 8) . Several of the larger tumours also contained numerous spaces fiRed with red blood ceRs or eosinophilic material, probably plasma, showing peripheral vacuolation (Fig. 9) . Some of these spaces, usually the smaHer ones were clearly of vascular origin because there was an intact Ening layer of flattened endothelium ; others, which sometimes produced a cystic appearance on gross examination of the testis (Fig. 10) In the testes of one rat a number of the interstitial vessels showed marked arteritis. Lesions of this kind not uncommonly occur,:'-in:,Ah-e-rat-and---are not considered to be of any relevance so far as the present experiments are concemed.
Testicular le8ion8in mice
In the mouse testis severe atrophy of the seminiferous tubules was again encountered and calcification was even more marked than in the rat (Fig. 12) . Leydig cefl hyperplasia, when present, tended to be rather more diffuse than the rat, and no tumours were found.
Pituitary change8 in rat8
The pituitary gland was examined microscopically in 16 rats and in each instance vacuolated basopbils (castration cells) were present (Fig. 13) Gunn, Goidd and Anderson (1961) reported that the protective effect of zinc against cadmium injury to the rat testis was not permanent, but lasted from 3 to 20 or more weeks depending on whether the animals were anowedto breed. If breeding were permitted immediately after the cadmium-zinc treatment, the period of protection was short, but if breeding were started at 8 weeks, the protective effect of the zinc persisted for more than 20 weeks. It is not clear whether the nature of the damage to the testis, after the protective effect of zinc has worn off, is similar to the acute effects of cadmium in the absence of zinc.
Whilst the present paper was being prepared for publication Gunn, Gould and Anderson (1963b) should be pointed out that the presence of Leydig-ceR tumours did not as a rule contribute to the deaths of animals. The time of death was determined either by the development of a sarcoma at the site of injection of cadmium, or, by the development of intercurrent disease. Thus it is possible that Leydig ceR tumours were present in the ferritin-treated rats many months before they were kined. Further studies will therefore be needed to establish a relationship between dose of cadmium and time of appearance of Leydig-cell tumours.
It would be interesting to speculate concerning the inter-relationships between the pituitary and the testes and the hormones which they secrete. However, there is no justification for such speculation here, since the studies reported above throw little definite hght on the subject. On the other hand, the fact that it seems to be possible to produce a biological system in which interstitial cells are present but the seminiferous epithehum absent, is of potential interest. It is to be hoped the further studies using this system may bring order to the present seemingly chaotic state of knowledge in this area. However, Ifilment of this hope is dependent on the knowledge of whether or not the hyperplastic and neoplastic Leydig-ceRs function normaRy. Gunn, Gould and Anderson (1963a) suggested that they may not do so. Various feedback mechanisms involving the testes and pituitary have been postulated (Heller and Nelson, 1948 ; Taira and Tarkhan 1962) , and the greatest need now is not for further speculation but for new factual information.
In their experiments on rats, Gunn, Gould and Anderson (1963a) 
